Introduction
Arctic copepod species have several different life strategies for survival and reproduction under the extreme light and sea ice regimes present in the Arctic (Darnis and Fortier 2014) . Larger copepods of the genus Calanus are often the most dominant species, in terms of biomass, during the productive season and are therefore considered the most important grazers in Arctic and subarctic regions (Hopcroft et al. 2005; Møller et al. 2006; Arendt et al. 2010; Dunweber et al. 2010) . Calanus spp. overwinter in deep waters in a diapause state with reduced metabolic activity. When the spring phytoplankton bloom starts to develop, Calanus spp. ascend from the deep, to feed, reproduce and build up lipid stores (Madsen et al. 2001; Falk-Petersen et al. 2008; Darnis and Fortier 2014) . In contrast, smaller copepod species such as Oithona similis and Triconia borealis (previously Oncea borealis) are active throughout the year (Zamora-Terol et al. 2013; Darnis and Fortier 2014; Zamora-Terol et al. 2014) . They are the most abundant copepods in surface waters year round and may dominate the copepod biomass from late summer through winter (Madsen et al. 2001; Auel and Hagen 2002; Hopcroft et al. 2005; Møller et al. 2006; Madsen et al. 2008 ). Due to sustained reproduction and shorter generation times (Ashjian et al. 2003; Lischka and Hagen 2005) , the smaller copepods may be more important contributors to secondary production than suggested by their biomass alone (Sabatini and Kiørboe 1994; Madsen et al. 2008) .
The egg-carrying cyclopoid copepod O. similis feed on motile phytoplankton and protozooplankton (Paffenhofer 1993; Sabatini and Kiørboe 1994; Zamora-Terol et al. 2013) , Triconia borealis are omnivores or carnivores (Kattner et al. 2003; Martynova and Gordeeva 2010) whereas the eggcarrying calanoid copepod Pseudocalanus spp. is a suspension feeder, mainly eating phytoplankton (Eiane and Ohman 2004) . Because of their size, small species have only limited ability to store lipid reserves. This forces them to continue feeding even during winter (Madsen et al. 2008; Narcy et al. 2009 ). However, Pseudocalanus spp. do go through the winter with considerably reduced metabolism (Lischka and Hagen 2005) . Assuming that mature females allocate most energy for reproduction, the egg production rate can be used as a proxy for grazing and productivity (Kiørboe et al. 1985b; McLaren et al. 1989) . Reproduction of small copepods is directly governed by abiotic and biotic factors such as temperature, food availability and predator-prey interactions (McLaren et al. 1989; Nielsen et al. 2002) , while reproduction of the larger Calanus species is additionally determined by lipid content of the females (Henriksen et al. 2012; Kjellerup et al. 2012 ). This introduces a potential time lag in the dependency of Calanus spp. on food. Due to differences among copepod species in phenology and physiology, individual species respond differently to changes in biotic and abiotic factors. To understand dynamics of productivity and potential changes in the Arctic marine environment, it is essential to identify and understand the factors controlling the productivity of ecologically distinctive copepod species.
Fjords constitute transition zones between land or ice sheet and the ocean and are thus susceptible to multiple impacts of climate change (Parmentier et al. 2017) . In Greenland, around 1000 Gt of ice and melt water flows into the extensive fjords each summer (Bamber et al. 2012) , with significant implications for circulation (Bendtsen et al. 2014) , carbon availability (Paulsen et al. 2017 ) and species distribution in the fjords (Arendt et al. 2016 , Sejr et al. 2010 . In Young Sound, there are no tide-water glaciers and meltwater feeds into the fjord from numerous rivers. This meltwater causes surface stratification which limits vertical mixing and hence nutrient replenishment which combined with turbidity from glacial flour makes the fjord very low productive (Murray et al. 2015; Meire et al. 2017) . The fjord has extended seasonal sea ice coverage and a short openwater period, though the tendency is toward a prolonging ice-free period (Glud et al. 2007 ). The strong seasonal and spatial variation in melt water influence in the fjord makes it an obvious choice for studying impacts of the melting ice sheet on the marine ecosystem. Our aim in the present study was to evaluate the importance of small copepod species in Young Sound in relation to season and freshwater impact. We investigated the population dynamics and production responses of Pseudocalanus spp., Oithona similis and Triconia borealis to differences in biotic and abiotic drivers in Young Sound from July to October.
Materials and methods

Sampling and study site
The study was conducted in Young Sound (Fig. 1) , an Arctic fjord in Northeast Greenland (74°18′N, 20°10′W) from July 11 to August 10 and from 3 September to 7 October 7 2014. Young Sound is 90 km long, 2-7 km wide and covers 390 km 2 . Maximum depth is 330 m, and two sills of about 50 metres deep separate the deeper parts of the fjord from the Greenland Sea. The fjord receives melt water from the Greenland Ice Sheet and local ice caps. There are no tidewater glaciers terminating directly into the fjord, but melt water reaches the fjord through several rivers. Typically, the seasonal runoff of freshwater from land starts in early July, peaks in early August and stops around September. Glacial melt water has been estimated to contribute approximately 80% of the total freshwater runoff into the inner part of the fjord system (Citterio et al. 2017) . Sampling was conducted at four stations (Fig. 1, Table 1 ) along the freshwater gradient from the inner fjord to the ocean, and it was done between 09:00 and 16:00 h. It took place from just before the sea ice break-up in the middle of July to the end of the ice-free period at the beginning of October. Station 1 was sampled five times, station 2 was sampled six times, station 3 was sampled eight times and station 4 was sampled six times during the ice-free season (Table 1) .
Hydrography and chlorophyll a
Vertical profiles of temperature, salinity and fluorescence were recorded on each sampling occasion using a Seabird SBE 19 + CTD (Seabird Electronics). All profiles were done from the surface down to maximum possible depth. In addition to the 4 key stations, CTD transects were sampled on approximately 25 stations along the fjord to describe in detail the transition from the inner fjord to the coastal ocean. This transect was sampled four times during the ice-free season. At the four key stations, water samples were taken at six depths (1, 10, 20, 30, 40 and 100 m) and in the chlorophyll a maximum (DCM) with a 12-bottle 1.2-L Niskin mini rosette. A Satlantic Free-falling Optical Profiler was used to determine the DCM depth prior to every sampling occasion. Water samples were kept in the dark in 10 L plastic containers and transported back to the laboratory for further analysis. For chlorophyll a analysis, triplicate 250 ml aliquots from each sampling depth were filtered through GF/F filters. At two depths (1 m and DCM), additional triplicate 250 ml aliquots were filtered through 10 μm filters for size-fractionated chlorophyll a concentrations. Chlorophyll a was extracted in 5 mL of 96% ethanol for 12-24 h and analysed on a Turner Design fluorometer before and after HCL addition (Jespersen and Christoffersen 1987) . Calibration was done against a chlorophyll a standard (www.c14.dhigr oup.com/). 
Protozooplankton
Ciliates and dinoflagellates were collected from 1 m depth and the DCM. Samples (100 mL bottles filled directly from the Niskin) were fixed in acid Lugol's solution (2% final concentration) and stored cold and dark until analyses. In the laboratory, 50 mL was examined after 24-h sedimentation in Utermöhl chambers (Utermöhl 1958) . Ciliates and dinoflagellates were identified and enumerated to species/ morphotype level using an inverted microscope (magnification: ×200-400).
Copepod sampling
On each sampling occasion, at the 4 stations three vertical WP-2 net hauls from 0-100 m depth were made; two hauls using a 45-μm net and one using a 200-μm net. One 45 um net sample was used to quantify copepod biomass and species composition, the other was used to quantify egg hatching rate and egg:female ratio. The 200 μm sample was used to estimate faecal pellet production rates as an indirect measure of Calanus production. These experiments are reported in detail in a separate paper (Middelbo et al. 2018 ) but here we use the depth-integrated Calanus spp. production rates for comparison with production estimates for Oithona spp. and Pseudocalanus spp. in order to compare their ecological significance for carbon cycling.
Each WP-2 net was equipped with a large, non-filtering cod-end. Filtered volumes were calculated as depth of the tow multiplied by the net opening area. Net clogging was not a problem in Young Sound, since chlorophyll a concentrations and zooplankton biomasses were low. Samples used for species identification were preserved in 5% buffered formalin. Individuals were counted, and species, stage and sex were identified. Prosome length was measured for ten individuals of each species/stage group in all samples. Carbon contents of O. similis, Pseudocalanus spp. and T. borealis were calculated from length:C-weight regressions available in literature (Breteler et al. 1982; Sabatini and Kiørboe 1994) , and depth-integrated biomass was calculated.
Oithona similis and T. borealis were identified to species level. There are two species of Pseudocalanus spp. in Young Sound, P. acuspes and P. minutus. Due to difficulties in identification, only adult females and males of Pseudocalanus were identified to species level, and all copepodite stages and nauplii were identified to genus level. Therefore, in the following, references for this copepod are addressed as Pseudocalanus spp.
Egg hatching rate
To estimate the production of egg-carrying copepods, information about egg hatching rate, eggs:female ratio and carbon contents of females and eggs were used. The egg hatching rate (HR, % day −1 ) as a function of temperature (T, °C) for the cyclopoid copepod O. similis was available from the literature (Nielsen et al. 2002) and calculated from the following equation:
where HR is egg hatching rate (% day −1 ) and T is temperature (°C).
Egg hatching rate of the calanoid copepod Pseudocalanus spp. was measured as a function of temperature. Female Pseudocalanus spp. for egg hatching experiments were collected from one of the 45 μm WP-2 net hauls at station 3 between July 11 and July 19. Immediately after sampling, the content of the cod-end was diluted in seawater from 20 m depth collected with a 5 L Niskin bottle and transported back to the laboratory in a thermo box cooled with ice. Female Pseudocalanus spp. carrying egg sacs were sorted in petri dishes in ice-filled trays and placed individually in tissue culture trays (NUNC™ Multi wells) of 24 wells containing 3 mL GF/F filtered seawater and incubated at constant temperature. The experiment was carried out at five different temperatures (− 1.8, 1.1, 3.0, 4.7 and 6.6 °C) representing the seasonal temperature span in Young Sound. HOBO temperature data loggers recorded the temperature every 20 min. Every ~ 8 h, the wells were examined under a Leica stereomicroscope and the number of females with eggs hatched from their sacs were noted. The experiments ran until egg hatching had occurred in all sacs, except the − 1.8° C experiments, which ran until egg hatching had occurred in 92% of the egg sacs. Hatching time is the time required to reach 100% hatching. Hatching rate (% day −1 ) at each temperature was estimated by a linear regression between the incubation time and cumulative hatching percentage. Hatching time for the − 1.8 °C experiment was predicted from the regression.
Estimation of egg production and secondary production
Shortly after return to the laboratory, the sample from one of 45 μm WP-2 net hauls was examined under a stereomicroscope and Pseudocalanus spp. and O. similis females were collected. Number of females carrying egg sacs, total number of egg sacs (including detached egg sacs), females without egg sacs and number of eggs in each egg sac were noted. For O. similis, we counted the two egg sacs in a pair separately. Subsamples were taken and analysed until 50 females of each species/genus were collected. If fewer females were present, the whole sample was examined. The ratio of ovigerous females was estimated by dividing the number of females with the number of egg sacs and the abundance of HR = 4.2176 + 1.7545T, eggs was calculated by multiplying the number of egg sacs with the average number of eggs per egg sac.
To estimate carbon content of females, the prosome lengths of 10 Pseudocalanus spp. and O. similis females were measured from the biomass sample on each sampling date, and the average sizes were calculated. To estimate carbon content of eggs we used a mean egg diameter calculated from 10 measured eggs from each species on each sampling date. Carbon content was calculated applying an egg carbon-content factor of 0.14 × 10 −6 μg C μm −3 to egg volume (Kiørboe et al. 1985a, b; Sabatini and Kiørboe 1994) .
The specific egg production rate (SEP, % day −1 ) of the egg-carrying copepods was calculated by the following equation (Nielsen et al. 2002): where egg/female is average ratio for the population, HR (% day −1 ) is the hatching rate at the in situ temperature, C egg and C female are the carbon contents of eggs and females.
Assuming SEP to be equal to juvenile somatic growth rates (Corkett and McLaren 1978; Berggreen et al. 1988; Nielsen et al. 2002) , secondary production (mg C m −3 day −1 ) of each species was estimated as SEP multiplied by mean biomass of each species (mg C m −3 ) in the upper 100 m of the water column. We assumed that Oncaea borealis had the same SEP as O. similis.
The large copepods were mostly Calanus spp. To estimate their production, we used the grazing rates estimated from faecal pellet production of copepods retained on a 200 µm net (Middelbo et al. 2018 ) and assumed a gross growth efficiency of 32% (Conover 1966; Thor and Wendt 2010) .
Time series data
Data on copepod species abundance at station 3 from 2003 to 2015 were used to evaluate inter-annual variation in species composition over the past 10 years. Each year in late July to mid-August, triplicate 45 μm WP-2 net hauls were collected on three separate sampling dates. Net hauls were collected from the surface to 150 m depth. Sea ice data from the last 63 years were used to evaluate the open-water period in Young Sound. Data were obtained from the Greenland Ecosystem Monitoring program (www.g-e-m.dk).
Data analysis
Prior to any analysis, data exploration was carried out following Zuur et al. (2010) . Homogeneity of variance was visually inspected using conditional boxplots, and normality of the residuals was assessed using qqplots in R (Zuur et al. 2010) . It was decided to use regression analysis to test for
relationships between egg hatching rates, production, temperature and food availability. Two-tailed t tests were used for investigating the production of copepods among months and a one-way ANOVA was applied to test differences in production among the four key stations. To test for temporal changes in species composition, we used linear regressions to test for changes in the relative abundance of each individual species group in the period [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] . Once valid models were identified, we re-examined the residuals to ensure model assumptions were acceptable.
Results
Hydrography, chlorophyll a and protozooplankton
In the study year (2014), sea ice in the central part of the fjord broke up on July 15. Sea ice in the inner and outer fjord broke before that, and the spring phytoplankton bloom had possibly initiated prior to our first sampling. Solar heating and freshening of the surface water developed stratification of the water column that strengthened and deepened during the summer. A thermocline with warmer surface water and colder water below 20 m was present in July and August (Fig. 2) . Freshwater runoff delivered to the inner fjord developed a halocline with a thin (5-6 m) layer of low salinity water (< 20) in the surface (Fig. 3) . The halocline was most defined in the inner fjord and less so toward the Greenland Sea. We found a clear trend in surface salinity and turbidity in July and August, with low salinity and high turbidity in the inner fjord and higher salinity and lower turbidity toward the Greenland Sea. In September and October, the water column became mixed as runoff from land stopped and wind induced mixing of the upper 30 m (Figs. 2, 3) . A significant drop in salinity was observed at station 4 in October, possibly linked to the disappearance of Recirculating Atlantic Water and replacement of cold and less saline Polar Water ).
Mean chlorophyll a concentrations for the upper 100 m of the water column are shown in Fig. 2 . In July and August, small (< 10 μm) phytoplankton cells constituted the majority of the total biomass at station 1 (77-92%), whereas station 2 was dominated by larger phytoplankton cells (73-94%) from mid July to mid-August. Larger cells also dominated at stations 3 and 4 until the beginning of September (53-98%). Late in the season, the proportion of small phytoplankton cells increased at all stations (Fig. 2) . In general, (across dates and stations) protozooplankton was dominated by small ciliates (20-30 µm, proportion of total cells 32%), Gyrodinium spp. (27%), Protoperidinium spp. (~ 25 µm, 23%) and Strombidium spp. (12%) (Fig. 4) . At station 1, the abundance of protozooplankton was always higher in DCM than in 1 m, while the opposite was the case at station 2, and station 3 and 4 had a more varied picture. No consistent differences were seen between ciliates and dinoflagellates.
Egg hatching of Pseudocalanus spp
Egg hatching rate of Pseudocalanus spp. was related to temperature and increased from 8.0 to 25.6% day −1 across the temperature range from − 1.8 to 6.6 °C (Fig. 5 ).
Hatching rate (% day −1 ) as a function of temperature was best described by an exponential model, while an exponential decay model provided a best fit for the hatching time (Figs. 6, 7 ):
where HR is egg hatching rate (% day −1 ) and T is temperature (°C) (Fig. 6 ). Hatching time is 1/HR. A comparison of egg hatching times of Pseudocalanus spp. (present study) to those of P. minutus and P. acuspes (McLaren et al. 1989) and O. similis (Nielsen et al. 2002) shows that the hatching time of Pseudocalanus spp. from this study was shorter at subzero temperatures compared to those reported by McLaren et al. (1989) . Furthermore, O. similis had a longer hatching time at low temperatures (< 5 °C) and shorter hatching time at higher temperatures compared to Pseudocalanus spp. (Fig. 7) . 
Copepod abundance
Throughout the sampling period, the small copepod species dominated the copepod standing stock in terms of numerical abundance (Fig. 8) . The proportion of small taxa was lowest in July and August, and increased to account for > 93% of all individuals by the end of September and start of October. In terms of abundance, O. similis was the most abundant copepod species followed by T. borealis and then Pseudocalanus spp. (Fig. 8 ). Together these three taxa constituted 55-98% of the total numerical abundance seasonally. Small non-Calanus species thus constituted 63-99% of copepod abundance during the sampling period. Overall, small species were most important at the freshwater impacted station 1 (mean 91.6 ± 18.2% (SD), n = 5 small species in July, August and early September) and least important at station 3 (mean 73.6 ± 12.4%, n = 8 small species in July, August and start September) (Fig. 8) .
Stage composition of O. similis, Pseudocalanus spp. and T. borealis
Nauplii. Copepodites CII-CV and females of O. similis were quite evenly distributed at all sampling dates/stations, with a slight increase in their proportion toward the end of the season, although nauplii was the most abundant stages throughout the season (Fig. 9 ). Males were significantly less abundant than females but were present, with a few individuals m −3 throughout the season at all stations. For Pseudocalanus spp., all copepodite stages and nauplii were found during the sampling period. However, no females were observed at station 4. Males were completely absent at all stations throughout the sampling. Nauplii were most abundant early in the season, becoming less abundant in September and October. Similarly, female abundance declined to ≤ 1 individual m −3 late in the season. As abundance of nauplii decreased, CIV and CV in particular became more abundant (Fig. 9) . For T. borealis, copepodites were most abundant in July and August, while males and females became more abundant in September and October (Fig. 9) .
Egg production and secondary production
Oithona similis reproduced throughout the sampling period but at low rates (0.08-1% body C day −1 ). The maximum SEP rate of ~ 1% body C day −1 was found at station 2 in the middle of July (Fig. 10a) . Only a few Pseudocalanus spp. females were caught for estimation of egg production in September and October at all stations and at station 4 throughout the sampling period consistent with low female abundance (Fig. 9) . However, we calculated SEP based on few individuals (marked with asterisks in Fig. 10 ).
There were no significant relationships between total chlorophyll a and SEP for Pseudocalanus spp. (present study), P. minutes (Mclaren et al. 1989) , P. acuspes (Mclaren et al. 1989) and O. similis (Nielsen et al. 2002) O. similis. In general, Pseudocalanus spp. reproduced at low rates (0-0.9% body C day −1 ) with the highest rates in July and August declining to zero toward the end of the openwater period (Fig. 10a) . The maximum SEP rate of ~ 0.9% body C day −1 was measured at station 3 in the middle of July (Fig. 10a) . For O. similis, production over the entire sampling period ranged from 0.022 to 1.1 μg C m −3 day −1 , while production of Pseudocalanus spp. was lower ranging from 0 to 0.6 μg C m −3 day −1 . Production of Pseudocalanus spp. declined to zero in the end of the sampling period at all sites, while production of O. similis fluctuated more over the season (Fig. 10b) . A comparison of the relative production by large and small copepod species showed that Calanus spp. accounted for 89-99% of the copepod production in July and August (Fig. 11) . In contrast, small species accounted for 6-69% of the production in September and October (Fig. 11) . Season (July/August vs. September/ October) had a significant effect on the relative production of small (Two-tailed t test; t23 = 5.719, p < 0.0001) and large copepods (Two-tailed t test; t23 = 5.801, p < 0.0001). Station had no effect on production of either small or large copepods (One-way ANOVA; F(3,25) = 315.3, p = 0.6594).
Open-water duration and inter-annual variation in species composition
63 years of data for sea ice break-up and ice formation dates show that the ice-free period in Young Sound is increasing (Krause-Jensen et al. 2012) . This is primarily due to later ice formation (Fig. 12a) . The duration of the open-water period has increased from 82 ± 9 (SD) to 100 ± 5 days from 1950 to 1955 to [2009] [2010] [2011] [2012] [2013] . A time series of species composition in August (2003 August ( -2015 showed that only significant changes in copepod abundance concerned the relative abundance of Pseudocalanus spp. (Arendt et al. 2016 , Middelbo et al. 2018 , which decreased with time (r 2 = 0.15, p < 0.0001, n = 96), whereas the relative abundance of other species have fluctuated non-significantly during the last decade (all linear regressions; p > 0.05) (Fig. 12b) . Total copepod abundance has been fluctuating from ~ 70 to 350 individuals m −3 .
Discussion
Copepod species composition
Along the freshwater gradient in Young Sound, small copepod species such as Oithona similis, Triconia borealis and Pseudocalanus spp. were most important at the freshwater impacted station 1 and least important in the outer region of the fjord in terms of abundance. In July, August and the beginning of September, when glaciers and meltwater rivers deliver fresh water to the fjord, small species accounted for on average 91.6% of the total copepod abundance at station 1. In contrast, only 73.9% of the copepod abundance at station 3 consisted of small species. Similarly, the freshwater impacted site was dominated by small phytoplankton cells throughout the sampling period, while larger cells dominated the outer fjord in July and August. Thus, our findings agree with observations from other areas, suggesting that small phytoplankton species are favoured as the upper ocean freshens (Daufresne et al. 2009; Li et al. 2009; Gardner et al. 2011) , and could subsequently influence zooplankton community composition. The large Calanus species are generally not able to graze on the small phytoplankton cells (Campbell et al. 2009 ), whereas the smaller cyclopoid copepods, Oithona spp. and Triconia spp., are omnivores feeding on motile items mainly protozooplankton (Paffenhofer 1993; Sabatini and Kiørboe 1994) , and their nauplii feed on the small phytoplankton (Böttjer et al. 2010) . This may explain the high percentage of smaller copepod species at the freshwater impacted site.
Total copepod abundance in Young Sound was low compared to other Arctic and Sub-Arctic fjord systems. The copepod abundance in Young Sound ranged between ~ 100 and 1200 individuals m −3 (including nauplii) from July to October (Fig. 8) . In contrast, Madsen et al. (2008) norvegica). The fjords of the west coast of Svalbard are all influenced by Atlantic water and abundance of zooplankton in July and August increases from 1000 to 5000 individuals m −3 in Hornsund in south to 7000-11,000 individuals m −3 in Kongsfjorden to the north (Gluchowska et al. 2016 , Ormańczyk et al. 2017 . From the central Arctic Ocean, Auel and Hagen (2002) reported a total mesozooplankton abundance of 160-460 individuals m −3 in August and September and Hopcroft et al. (2005) found a concentration of 1447 copepods m −3 (including nauplii) in August in the Canada Basin. Thus, abundance in Young Sound is comparable to these low productive High Arctic sites. The most abundant species were O. similis, T. borealis and Pseudocalanus spp., which agrees with other observations from openwater high-latitude areas (Auel and Hagen 2002; Hopcroft et al. 2005; Møller et al. 2006; Madsen et al. 2008 ; Svensen (Nielsen et al. 2007) showed that during the study the copepod community was composed of Calanus spp. and small species in equal proportions, suggesting that their study was conducted at the onset of the spring phytoplankton bloom, when Calanus spp. are present in the surface waters to feed on the phytoplankton bloom and reproduce (Madsen et al. 2001; Falk-Petersen et al. 2008) .
Both the copepod abundance and the community composition at the genus level seem to have been relatively constant during the last decade (Fig. 12b) , despite the open-water period varying between 72 and 140 days in the same period (Fig. 12a) . Only Pseudocalanus spp. showed a reduction in their contribution in % of the total abundance over time. Beside the change in sea ice cover, the freshwater content in Young Sound has also been shown to increase during the same period. Sejr et al. (2017) showed that in summer the salinity especially in subsurface waters (30-50 m) have decreased at an average rate of 0.1 salinity unit per year. It is unlikely that the observed change in salinity is directly related to the relative minor changes in species composition and abundance observed and taking into account the changes in abiotic conditions during the time series, the zooplankton community appears relatively resilient to local change. But since observations are based on a single station sampled for only 3 weeks in late July/early August larger-scale changes such as the amount inflow of Atlantic water on the shelf or seasonal changes in phenology of individual specie could also influence composition in the fjord. Temperature dependence of egg production Copepods of the genus Pseudocalanus are often, numerically, among the most important copepods. From late summer to the spring, it can also contribute significantly to the total copepod biomass when Calanus are absent from the surface waters (Madsen et al. 2008; Arendt et al. 2013; Zamora-Terol et al. 2014) . We found two Pseudocalanus species in Young Sound, P. minutus and P. acuspes, and the egg hatching rate equation is therefore based on data from these two species. Despite differences in the number of eggs produced between the two species, their mass specific egg production is similar . A comparison of hatching times for P. minutus and P. acuspes from McLaren et al. (1989) and for Pseudocalanus spp. from the present study reveals nearly identical hatching times, which indicate faster hatching time at low temperatures compared to O. similis. This could be related to the feeding and reproductive behaviour of Pseudocalanus spp. When melting of sea ice is initiated in the spring, Pseudocalanus spp. migrates to the surface to feed on algae under the ice to complete gonad maturation and to reproduce Ingram 1988, 1991; Weydmann et al. 2013 ). Thus, Pseudocalanus spp. seem well adapted to reproduce in the cold water just below the ice .
Production of Oithona similis and Pseudocalanus spp
In general, production of O. similis seemed to be uncoupled from the chlorophyll a concentrations, whereas we found a significant linear relationship between SEP of Pseudocalanus spp. and availability of larger phytoplankton cells (chl a > 10 μm). This corresponds well to the feeding biology of the two species. Pseudocalanus spp. are suspension feeders, explaining the relationship between large phytoplankton and their egg production (Eiane and Ohman 2004) , whereas O similis feed on the microbial food web, mainly eating protozooplankton Hagen 2007, Zamora-Terol et al. 2013 ), and we should expect a link between concentration of protozooplankton and production of O. similis. The SEP estimate ranges were 0.08-1% and 0-0.9% body C day −1 for O. similis and Pseudocalanus spp., respectively. These rates are comparable to SEP values reported by Madsen et al. (2008) from Disko Bay, by Zamora-Terol et al. (2013) from both Disko Bay and Godthaabsfjorden and by Castellani et al. (2007) from the Irminger Sea. Seasonal patterns in production seemed to be more pronounced for Pseudocalanus spp. than for O. similis (Lischka and Hagen 2007: this study) , suggesting that Pseudocalanus spp. overwinters with reduced metabolic activity, low feeding rates and no reproduction during winter (Lischka and Hagen 2005) . Similar to our results, Lischka and Hagen (2005) reported continuous reproduction by O. similis in Kongsfjorden in Svalbard, with two generations per year, while reproduction of P. minutes was restricted to spring and summer with a 1-year life cycle. This suggests that reproduction of Pseudocalanus spp. could have peaked in early spring before our first sampling.
Stage compositions of Pseudocalanus spp. and O. similis match their observed egg production; for O. similis, all stages were present during the ice-free season, and the relative distribution was more or less constant, consistent with continuous reproduction year round (Fig. 9) (Madsen et al. 2008; Dvoretsky and Dvoretsky 2009 ). For Pseudocalanus spp., nauplii dominated in terms of abundance in July and August while CIII, CIV and CV became more abundant in September and October (Fig. 9) . Low abundance of nauplii late in the annual productive cycle corresponds to the low egg production observed in that time (Fig. 10b) . Stage composition of T. borealis, with few nauplii and younger copepodites early in the study period, and higher abundance of nauplii, males and females in the late summer and autumn, indicates that this species reproduces late in the open-water period (Fig. 9) . In contrast, Nishibe and Ikeda (2007) reported that Oncaeid copepods in the western subarctic Pacific reproduce throughout the year. Production of Calanus was 89-90% of the total copepod production in July and August. However, the small copepods were more important in September and October, when they accounted for 6-68% (mean 38%) of the copepod production (Fig. 11) .
Conclusion
The physical conditions in Young Sound are characterised by the presence of ice; sea ice covers the fjords except for 100 days in summer, where melt water from the Greenland Ice Sheet results in strong stratification. This study showed that during the ice-free season, the inner fjord most impacted by meltwater had lower chlorophyll a concentration and a dominance of phytoplankton cell < 10 μm. Correspondingly, the proportion of small non-calanus copepod also dominated here. The production of small species was minor compared to Calanus spp. in July and August, but it accounted for a relatively large fraction of the total production in September and October (up to 69%). Although, the fjord is experiencing changes in both sea ice coverage and freshwater content, a 13-year time series of copepod species composition show inter-annual variation but no major trends indicating a relative resilient pelagic community.
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